The authors investigated diet as a risk factor for the development of venous thromboembolism (VTE) among 129,430 US women and men in the Nurses' Health Study and Health Professionals Follow-up Study. There were 2,892 cases of VTE from 1984 through 2008. Information on participants' dietary intakes was collected every 2-4 years using a food frequency questionnaire. Dietary patterns (prudent vs. Western), food intakes (fruit, vegetables, fish, red and processed meats, and alcohol), and nutrient intakes (omega-3 fatty acids, trans fatty acids, total fiber, and vitamins K 1 , B 6 , B 12 , and E) were categorized into quintiles, and the risk of VTE was compared among quintiles with the use of Cox proportional hazard models. After adjusting the results for 17 potential confounders, the authors found that adherence to the Western dietary pattern was associated with an increased risk of VTE in men (for the highest quintile vs. the lowest, relative risk ¼ 1.43, 95% confidence interval: 1.16, 1.78; P for trend < 0.001) but not in women (relative risk ¼ 1.14, 95% confidence interval: 0.91, 1.42; P for trend ¼ 0.09). Favorable associations were found in the pooled analysis for intakes of vitamins E and B 6 and fiber. For intakes of red and processed meat and trans fatty acids, no association was found in women, whereas a significant positive association was found in men. These results suggest a weak association between diet and the risk of VTE.
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The annual incidence of venous thromboembolism (VTE) in the United
States is approximately 1 per 1,000 adults. Among nonfatal VTEs, approximately 60% are cases of deep vein thrombosis (DVT) and 40% are cases of nonfatal pulmonary embolism (PE) (1) . Arterial thrombosis and venous thrombosis share multiple risk factors, the strongest of which are age, obesity, cigarette smoking, and hypertension (2) (3) (4) . However, little is known about the relation between diet and VTE.
A relation between diet and VTE was suggested as early as World War II (5) . However, to our knowledge, there have only been 2 prospective epidemiologic studies-the Atherosclerosis Risk in Communities (ARIC) Study and the Iowa Women's Health Study (IWHS)-in which investigators have systematically examined the role of dietary patterns in the development of VTE (6, 7) , and the results of those studies conflicted. There have been 8 studies in which investigators have explored the relation between alcohol and VTE; in 4 of those studies, an inverse association was reported (7) (8) (9) (10) , whereas no relation was found in the other 4 (11) (12) (13) (14) . The relation between specific nutrients and coagulation factor levels has been evaluated more broadly (6, 7, (15) (16) (17) . Vitamins B 6 and B 12 have been shown to reduce elevated homocysteine levels, which are associated with an increased VTE risk; omega-3 fatty acids decrease platelet aggregation and factor VII and fibrinogen levels (18) ; and vitamin E might inhibit the biologic activity of vitamin K and vitamin K-dependent clotting factors (19) . However, little is known about the potential role of these nutrients in the development of VTE.
The aim of the present study was to better define the association between dietary intake and the risk of VTE by analyzing cohort data from approximately 130,000 US women and men.
MATERIALS AND METHODS

Overview
The Nurses' Health Study (NHS) began in 1976, when 121,701 female nurses who were 30-55 years old and living in 11 US states (California, Connecticut, Florida, Maryland, Massachusetts, Michigan, New Jersey, New York, Ohio, Pennsylvania, and Texas) responded to a mailed health questionnaire (20) . The Health Professionals Follow-up Study (HPFS) began in 1986, when 51,529 male US health professionals who were 40-75 years old responded to a detailed mailed questionnaire that included a diet survey and questions about lifestyle practices and medical history. In both cohorts, follow-up questionnaires were sent every 2 years thereafter to acquire updated information on lifestyle factors and to query participants about newly diagnosed medical conditions. Women in the NHS also completed a 126-item food frequency questionnaire (FFQ) in 1984, and men in the HPFS completed a 131-item FFQ at baseline (i.e., in 1986). Similar FFQs were sent every 2-4 years thereafter. The Partners Institutional Review Board (Partners HealthCare, Boston, Massachusetts) approved the NHS and the HPFS protocols. The studies are being conducted according to the ethical guidelines of Partners HealthCare.
We excluded participants who did not complete an FFQ at baseline from the analysis. Likewise, we excluded participants with extremely high energy intakes (>3,500 kcal/day for women and >4,200 kcal/day for men) or extremely low energy intakes (<500 kcal/day for women and <800 kcal/day for men), as well as those who left more than 70 questions blank. Subjects who reported a history of VTE at baseline also were excluded from the present analysis. The final baseline population (in 1984 for women from the NHS and in 1986 for men from the HPFS) included 80,192 women and 49,238 men. In the NHS, the active follow-up rate (the number of person-years in the cohort when participants are censored after their last questionnaire response) from 1984 to 2008 was 92.2%, and in the HPFS, the follow-up rate from 1986 to 2008 was 88.0%.
Assessment of dietary intake
Dietary intake information was collected using an FFQ designed to assess average food intake over the previous 12 months. Standard portion sizes were listed with each food. For each food item, participants indicated their average frequency of consumption over the past year in terms of the specified serving size by checking 1 of 9 frequency categories that ranged from ''almost never'' to ''6 times/day.''
To prepare for factor analysis, food items were grouped into 38 predefined food groups as previously described (21) . Using principal component analysis, dietary patterns were identified from FFQs administrated in 1984 , 1990 , 1994 , 1998 , and 2002 in the NHS and 1986 , 1990 , 1994 , 1998 , and 2002 in the HPFS. We rotated the factors using an orthogonal transformation to achieve structure with greater interpretability and determined the number of factors to be retained using the diagram of eigenvalues. Foods with a correlation of at least 0.30 were considered to be making a contribution to the factor.
On the basis of prior published reports and biologic plausibility, we selected some specific food groups (fruits, vegetables, fish, red and processed meats, and alcohol) and nutrients (omega-3 fatty acids, trans fatty acids, total fiber, vitamin K 1 , vitamin B 6 , vitamin B 12 , and vitamin E) to assess their association with the risk of VTE. We assessed both dietary and total (diet plus supplements) intakes. Nutrient intakes were computed by multiplying the frequency response by the nutrient content of the specified portion sizes. Food composition values were obtained from the Harvard University Food Composition Database (Boston, Massachusetts), which was derived from US Department of Agriculture sources and supplemented with information from manufacturers. All dietary factors were adjusted for total energy using the residual method (22) .
To reduce measurement error and represent long-term dietary intake, the cumulative averages of pattern scores, foods, and nutrients were calculated and then divided into quintiles. We also examined the consistency of the association between dietary patterns and VTE by using the most recent dietary intakes as predictors of VTE risk.
Assessment of VTE
Participants who reported a physician-diagnosed PE on a biennial questionnaire but did not have a prior history of malignancy received a follow-up letter requesting medical records from the facility in which they were diagnosed with a PE. A detailed review of these records was undertaken, and cases were coded. Incident cases for which the medical record included imaging that was diagnostic of a PE were considered confirmed. Imaging was considered diagnostic if the radiologist reading the study noted a ventilation/perfusion lung scan that indicated a high probability of a PE, a filling defect on a contrast-enhanced computed tomographic scan of the pulmonary vasculature, or a filling defect on a catheterbased pulmonary angiograph. Over the follow-up period, we identified 956 women and 353 men with an incident PE. Participants also reported physician-diagnosed DVT on the biennial questionnaire. Men were considered to have incident DVT if they reported a physician-diagnosed DVT between 2 consecutive questionnaires, and women were if they reported ''phlebitis and thrombophlebitis'' as another major illness (code 451 according to the International Classification of Diseases, Eighth Revision). A total of 584 women and 999 men were classified as having DVT under these definitions. Overall, 1,540 women and 1,352 men reported VTE.
Assessment of other variables
When possible, data on covariates were obtained from the baseline questionnaire (1984 in NHS and 1986 in HPFS) and updated every 2 years. Variables included age, physical activity level, physical inactivity level, body mass index (BMI, measured as weight (kg)/height (m) 2 ), total caloric intake, smoking status, pack-years of smoking, race/ethnicity, spouse's highest educational attainment (only in the NHS), parity (only in the NHS), menopausal status (only in the NHS), nonaspirin nonsteroidal antiinflammatory drug use, warfarin use, multivitamin use, hypertension, coronary heart disease, and rheumatologic disease.
Physical activity, including a variety of activities such as walking, bicycling, swimming, or playing tennis, was measured in metabolic equivalents per week and categorized in quintiles. Physical inactivity was defined as the number of hours spent sitting at home per day and was categorized in 6 categories (from the lowest amount of time to the highest). BMI was updated biennially and categorized in 4 categories: less than 25.0, 25.0-29.9, 30.0-34.9, and 35 or higher. Total caloric intake was estimated through the FFQ, expressed in Table continues kilocalories per day, and used as a continuous variable. Participants were categorized by smoking status as never smokers, ex-smokers, or current smokers. Pack-years of smoking were calculated among ever smokers, a group that included both ex-smokers and current smokers. Participants' races/ethnicities were categorized in 2 groups (white vs. nonwhite). Among women, spousal educational attainment was categorized into 3 classes (high school, college, or graduate school); parity was categorized as nulliparous or as having 1, 2-3, or 4 or more children; and menopausal status was categorized as premenopausal versus postmenopausal and according to whether estrogen or progesterone replacement (oral or patch) had been or was being used. Other potential confounders (medication use (nonsteroidal antiinflammatory drugs, warfarin), multivitamin use, hypertension, coronary heart disease (defined as any history of angina, coronary artery stenosis, or myocardial infarction), and rheumatologic disease (defined as any history of systemic lupus erythematosus or rheumatoid arthritis)) were included as dichotomous (yes vs. no) variables.
Statistical analysis
Our strategy for analysis was to study the association between dietary intake and the risk of VTE (DVT and PE) in both men and women. Each dietary variable was analyzed using the Cox proportional hazards model. A test for trend across the quintiles of each dietary variable was calculated by treating the categories as ordinal variables in a proportional hazards model. After calculating sex-specific relative risks, we combined the ln relative risks weighted by the inverse of their variances using a random-effects model (23) . We tested for between-study heterogeneity using the Q Abbreviations: HRT, hormone replacement therapy; METs, metabolic equivalents; SD, standard deviation. a Age-adjusted means. b Sum of the average time per week spent in each activity 3 MET value of each activity. c Time spent sitting was assessed in 1988 and in 1990 when subjects were asked to report ''the number of hours per week [they] spent sitting at home.'' For each questionnaire response, we categorized and assigned point scores to time spent sitting: low (<10 hours/week) ¼ 1 point; medium (11-40 hours/week) ¼ 2 points; and high (>40 hours/week) ¼ 3 points. We then added each subject's point score for time spent sitting in 1988 and 1990 to define each subject's overall time spent sitting. Thus, each subject was assigned to 1 of 5 categories of time spent sitting, with point values ranging from 2 (low time sitting in both 1988 and 1990) to 6 (high time sitting in both 1988 and 1990).
d Weight (kg)/height (m)
2 . e No. of packs smoked per day 3 no. of years smoked among past and current smokers.
f Coronary heart disease included any history of myocardial infarction, coronary artery stenosis, or angina. g Rheumatologic disease included any history of systemic lupus erythematosus or rheumatoid arthritis. h Intake from foods and supplements. statistic, which informs about the presence or absence of heterogeneity, and we also provided the I 2 index to quantify the degree of heterogeneity between studies, expressed as a percentage of total variance (23) . Two-sided 95% confidence intervals were calculated.
To assess whether age-related physiologic differences might modify the association between diet and VTE (9), we further stratified our analysis according to the median age at baseline (50 years in women and 53 years in men). We also stratified analyses according to obesity (BMI 30) and level of physical activity (median). In addition, we performed sensitivity analyses by excluding participants with prior comorbid conditions (cancer or cardiovascular diseases). All analyses were conducted using SAS, version 9.1 (SAS Institute, Inc., Cary, North Carolina).
RESULTS
Description of the population
Through the use of principal component analysis, we identified 2 distinct major dietary patterns among both women and men. The first pattern was defined by high intakes of fruit, vegetables, fish, poultry, whole-grain products, and lowfat dairy products. The second pattern was defined by high intakes of refined grains, cured and red meats, desserts, sweets, French fries, and high-fat dairy products. In accordance with what was done in previous studies of dietary patterns in this population, we labeled the first pattern the ''prudent pattern'' and the second pattern the ''Western pattern.'' Tables 1  and 2 show baseline characteristics of the participants, which were adjusted for age and stratified according to each dietary pattern among women and men. Compared with participants with the lowest intake of foods from the prudent diet (the lowest quintile), participants with the highest intake of foods from the prudent diet (the highest quintile) were older, more physically active, less likely to be current smokers, and more frequent users of multivitamin supplements. Compared with participants with the lowest intake of foods from the Western diet, participants with the highest intake of foods from the Western diet had a higher BMI, were less physically active, were more likely to smoke, and took fewer multivitamin supplements.
Dietary patterns and risk of VTE
After adjustment for potential confounders, only the Western pattern was associated with an increased risk of VTE ), total caloric intake, smoking, pack-years of smoking, race/ethnicity, spouse's educational attainment (in women only), parity (in women only), menopausal status (in women only), nonaspirin nonsteroidal antiinflammatory drug use, warfarin use, multivitamin supplement use, hypertension, coronary heart disease, and rheumatologic disease.
b P for between-study heterogeneity (quintile 5 vs. quintile 1). c I (Table 3 ). This risk was significant in men (P < 0.001) and borderline significant in women (P ¼ 0.09). The pooled analysis led to a similar result (for the highest quintile of Western diet vs. the lowest, multivariable pooled relative risk (RR) ¼ 1.22, 95% confidence interval (CI): 0.87, 1.71; P for trend < 0.001; P for between-study heterogeneity ¼ 0.06; I 2 ¼ 73.5%). When the most recently reported dietary intakes instead of the cumulative average intake were used to determine dietary patterns, we found no association with the prudent pattern and only a weak association with the Western pattern (for the highest quintile of Western diet vs. the lowest, multivariable pooled RR ¼ 1.18, 95% CI: 0.93, 1.84; P for trend < 0.001; P for between-study heterogeneity ¼ 0.08).
When the population was restricted to participants without prior cancer or cardiovascular disease (n ¼ 112,658 women and men), the results did not differ materially (for the highest quintile of Western diet vs. the lowest, multivariable pooled RR ¼ 1.24, 95% CI: 0.91, 1.80; P for trend < 0.001; P for between-study heterogeneity ¼ 0.06).
We performed several subanalyses of the association between dietary patterns and VTE. First, we stratified our analyses according to the median age at baseline (Figures 1  and 2 ). Among both the youngest participants (women aged 38-49 years at baseline and men aged 40-52 years at baseline) and the oldest participants (women aged 50-63 years at baseline and men aged 53-75 years at baseline), no 2 ), total caloric intake, smoking, pack-years of smoking, race/ethnicity, spouse's educational attainment (in women only), parity (in women only), menopausal status (in women only), nonaspirin nonsteroidal antiinflammatory drug use, warfarin use, multivitamin supplement use, hypertension, coronary heart disease, and rheumatologic disease. A) Youngest participants, whose age at baseline was lower than the median (i.e., 38-49 years for women and 40-52 years for men). P for trend ¼ 0.10; P for between-study heterogeneity (quintile 5 vs. quintile 1) ¼ 0.39; I 2 (degree of heterogeneity between studies expressed as a percentage of total variance, quintile 5 vs. quintile 1) ¼ 0%. B) Oldest participants, whose age at baseline was at the median or higher (i.e., 50-63 years for women and 53-75 years for men). P for trend ¼ 0.14; P for between-study heterogeneity (quintile 5 vs. quintile 1) ¼ 0.70; I 2 ¼ 0%. Bars, 95% confidence interval.
association was found between the prudent pattern and the risk of VTE; however, the Western pattern remained weakly associated with an increased risk of VTE among both the youngest participants (borderline significant, P for trend ¼ 0.09) and the oldest participants (P for trend < 0.001). In other subanalyses, we stratified according to BMI and by level of physical activity and found similar results in both analyses (data not shown).
Food groups and nutrients and risk of VTE
Regarding food groups (Table 4 ) and nutrients (Table 5) , there was a consistent inverse association between vitamin E intake and the risk of VTE in women (P for trend ¼ 0.02), in men (P for trend ¼ 0.07), and in the pooled analysis (P for trend ¼ 0.004). For fiber and vitamin B 6 intakes, there was a significant inverse association with the risk of VTE in the pooled analysis, with no significant heterogeneity between men and women, although the associations were significant only in men (Table 5 ). For intakes of red and processed meat and of trans fatty acids, no association with VTE was found in women, whereas a significant positive association was found in men (the percentages of total variance between studies were 88% and 84% for red and processed meat and trans fatty acids, respectively). The association in the pooled analysis was not significant for trans fatty acid intake (for the 2 ), total caloric intake, smoking, pack-years of smoking, race/ethnicity, spouse's educational attainment (in women only), parity (in women only), menopausal status (in women only), nonaspirin nonsteroidal antiinflammatory drug use, warfarin use, multivitamin supplement use, hypertension, coronary heart disease, and rheumatologic disease. A) Youngest participants, whose age at baseline was lower than the median (i.e., 38-49 years for women and 40-52 years for men). P for trend ¼ 0.09; P for between-study heterogeneity (quintile 5 vs. quintile 1) ¼ 0.78; I 2 (degree of heterogeneity between studies expressed as a percentage of total variance, quintile 5 vs. quintile 1) ¼ 0%. B) Oldest participants, whose age at baseline was at the median or higher (i.e., 50-63 years for women and 53-75 years for men). P for trend < 0.001; P for between-study heterogeneity (quintile 5 vs. quintile 1) ¼ 0. highest quintile of trans fatty acid intake vs. the lowest, multivariable RR ¼ 1.14, 95% CI: 0.84, 1.53; P for trend ¼ 0.33; P for between-study heterogeneity ¼ 0.01) and was borderline significant for red and processed meat intake (for the highest quintile of red and processed meat intake vs. the lowest, multivariable RR ¼ 1.38, 95% CI: 0.92, 2.06; P for trend ¼ 0.07; P for between-study heterogeneity ¼ 0.004). Analyses in which we used the most recent dietary intakes or nutrient intakes derived from foods only (not supplements) had similar results (data not shown). No associations were found between the risk of VTE and the intakes of fruit, vegetables, fish, alcohol, omega-3 fatty acids, vitamin K 1 , and vitamin B 12 (Tables 4 and 5 ).
DISCUSSION
In a pooled analysis of men and women, we found a weak association between diet and risk of VTE. No relation was found between the prudent diet pattern and the risk of VTE; however, we did find a weak positive association between the Western diet pattern and the risk of VTE. Stratification according to age, BMI, and physical activity level led to similar results. Regarding specific foods or nutrients, no associations were found between the risk of VTE and the intakes of fruits, vegetables, fish, alcohol, omega-3 fatty acids, vitamin K 1 , and vitamin B 12 . Vitamin E had a protective association, as did fiber and vitamin B 6 , particularly in men. Similarly, we found that increased intakes of red and processed meat and trans fatty acids might be associated with VTE in men. These sex differences should be considered with caution, as issues of sample size and multiple testing could have influenced the results. Our use of data from 2 large prospective cohorts of health professionals who were 38-73 years of age at baseline and followed for more than 20 years enabled us to establish a temporally correct relation between dietary intake and VTE and to control for many potential confounders in our analyses. To our knowledge, there have been only 2 previous cohort studies in which dietary patterns and the risk of idiopathic VTE were examined (6, 7). Steffen et al. (6) studied 14,962 middle-aged (45-64 years old) men and women from the ARIC Study. Although the investigators found no association between the prudent pattern and idiopathic VTE, they found that a greater consumption of the Western pattern was associated with an increased risk of idiopathic VTE. The latter finding appeared to be driven by persons in the highest quintile, which suggests a threshold effect rather than a dose-response relation between the Western pattern and idiopathic VTE. Lutsey et al. (7) studied 37,393 white women aged 59-65 years from the IWHS and reported no association between either dietary pattern and the risk of VTE.
Data relating food groups/nutrients to VTE are scant, and in the few published epidemiologic studies of this relation, investigators reported conflicting results (6, 7, 11) . Our findings regarding vitamin B 6 and red and processed meat intakes are consistent with those from the ARIC Study (6); of the 6 food groups and 5 nutrients investigated, only intakes of vitamin B 6 and fruits and vegetables were significantly associated with a decreased risk of VTE, and only red and processed meat intake was associated with an increased risk of VTE (6) . A borderline-significant negative association was reported for folate intake (6). However, in 2 large randomized trials, supplementation with vitamins B 6 and B 12 and folic acid did not reduce VTE incidence (16) or recurrence (15) . In the IWHS, of the 11 food groups and 6 nutrients investigated, only alcohol intake was associated with a reduced risk of VTE (7) . Recently, in a case-control study of 292 Asian men and women, 6 food groups were investigated, and only a high vegetable intake was negatively associated with VTE (11). Our finding regarding vitamin E is consistent with a previous long-term trial in the Women's Health Study, in which intake of 600 IU of natural-source vitamin E on alternate days was associated with a significant 21% reduction in the hazard of VTE (17) .
There are several possible explanations for the different findings in the ARIC Study, the IWHS, and our study. To explain the contrary findings between the ARIC Study and the IWHS, Lutsey et al. (7) hypothesized that diet may play a bigger etiologic role in the development of VTE in younger people than in older people. In the present study, we found similar results in strata of younger and older participants, although this limited the power of our study. Another possible explanation is race/ethnicity; approximately 25% of participants in the ARIC Study were black, whereas most ), total caloric intake, smoking, pack-years of smoking, race/ethnicity, spouse's educational attainment (in women only), parity (in women only), menopausal status (in women only), nonaspirin nonsteroidal antiinflammatory drug use, warfarin use, multivitamin supplement use, hypertension, coronary heart disease, and rheumatologic disease.
b P for between-study heterogeneity (quintile 5 vs. quintile 1). c Degree of heterogeneity between studies expressed as a percentage of total variance (quintile 5 vs. quintile 1).
subjects in the IWHS, NHS, and HPFS were white. Cultural factors influence food-related behavior and attitudes (24) , and black Americans have a higher incidence of VTE than do their white counterparts (25) . Tang et al. (26) recently reported that, compared with whites, blacks experienced 3 times more frequent fatal out-of-hospital PE in the New York City area and died at an age that was 10 years younger in the case of fatal PE, but they did not carry factor V Leiden and the prothrombin G20210A mutation (27) . However, the impact of these black/white differences on the diet-PE association is not clear. Another possible explanation for the discrepant findings is that the primary outcome differed across studies. In the ARIC Study, the main outcome was non-cancer-related VTE (6) , and in the IWHS, the main outcome was all VTE (both idiopathic and nonidiopathic) (7) . We also investigated all VTE in the present study (PE and DVT) because we were not able to distinguish between idiopathic and nonidiopathic DVT. The discrepant findings might also be related to our definition of DVT in women, which was based on a classification from the International Classification of Diseases, Eighth Revision (code 451). This code corresponds to phlebitis and thrombophlebitis and therefore might include superficial thrombophlebitis. Thus, our outcome of VTE is a mixture of unconfirmed cases that are of both idiopathic and nonidiopathic origin. Many of the latter causes (e.g., cancer, surgery, trauma) are associated with adherence to a Western diet or nonadherence to a prudent diet. Further analyses are warranted to assess whether the association between diet and VTE persists when known VTE risk factors (conditions) are removed from the study outcome.
In conclusion, we found a weak association between diet and the risk of VTE in US women and men. Nutritional factors of possible etiologic relevance include the Western dietary pattern and intakes of vitamins E and B 6 , fiber, red and processed meat, and trans fatty acids. Other nutritional factors were not associated with VTE in our 2 large cohorts. The unique characteristics of our cohorts might limit generalizability of the results to individuals of nonwhite race/ethnicity or lower socioeconomic status or persons with limited access to medical care. Further studies are warranted in these vulnerable populations. ), total caloric intake, smoking, pack-years of smoking, race/ethnicity, spouse's educational attainment (in women only), parity (in women only), menopausal status (in women only), nonaspirin nonsteroidal antiinflammatory drug use, warfarin use, multivitamin supplement use, hypertension, coronary heart disease, and rheumatologic disease.
